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By A.MartinEibsnd,sco~tH;Sin@inson,
andDugaldO.Black

Full-scalelight-airplanecrashessimulatingstall-spinaccidents
wereconductedto determinethedecelerationstowhichoccupentsare
exposedandtheresultingharnessforcesencounteredinthistypeof
accident.Crashesatimpactspeedsfrom42to 60milesperhourwere
studied.Theairplanesusedwereofthefami13.srsteel-tube,fabric-
covered,tandem,two-seattype.

In crashesup to animpactspeedof”60milesperhour,crumplingof
theforwardfuselsgestructurepreventedthemaximumdecelerationatthe
resr-seatlocationfromexceeding26to 33g. Thismaximumg valueap-
peeredindependentoftheimpactspeed.Restrainingforcesintheseat-
belt- shoulder-harnesscombinationreached5600pounds.Therear-seat
occupantcansurvivecrashesofthetypestudiedatimpactspeedsup to
60milesperhour,Ifbodymovementisrestrainedby anadequateseat-
belt- shoulder-harnesscotiinationsoastopreventinjuriouEcontact
withobstaclesnormallypresentinthecabin.Inwardlycollapsingcabin
structure,however,isa potentialhazardinthehigher-speedcrashes.

Light-ai~lsneaccident

INTRODUCTION

data,compiledby CrashInjuryResearchof
CornellUniversityMedicslCollege,indicatethathmianbeingshave
oftenwithstooddecelerationsinexcessofthoseimposedin airplane
crashesinvolvingextensivedemsgetotheairplanestructure(r,ef.1).
Thisstudyalsocorrelatestheextentof damageto theairplenestruc-
turewiththeinjuryincurredby theoccupantsduringcrashaccidents.
TheCornellworkindicatesthatthestall-spinis a commonlight-slr@ane
acciddntconfiguration.
butthepassengerinthe
restrained.Collapseof
tothefrontpassenger.
whichtheoccupantswere

Inthistypeof crash,fattitiesoftenoccur;
rearseatfrequentlysurviveswhenadequately
thefrontportionofthecabinisoftenfatal
However,them+pitudesofaccelerationto
subjectedduringtheseaccidentswereunlnmwn.
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TheNACALewisl~oratoryhasstudiedtheaccelerationsresulting
fromsimulatedstall-spinaccidentsatimpactspeedsof 42,47,snd
60milesperhour. Inthesestudies,dumnypassengerswereinstslledin
smalltwo-seat,tandemairplanes(fig.l(a)),anda recordwasobtained
oftheaccelerationstransmittedthroughtheairplanestructuretothe
resr-seatoccupantduringthecrash.Theaccelerationsandtheh~ess
forcesrecordedonthedummywererelated.totheeventsinthecrash
sequenceby comparingthemwiththecrashactionrecordedonmotion-
picturefilm Thedataobtsinedinthesecrashessxeintendedasa con-
tributiontothegenerslbackgroundofengineeringinformationrequired
forthedesignof improvedseatsandharnessesforgreatercrashssfety.

Thelight-airplane

APPARATUSANDPmclmJm

Typeof CrashSimulated

crashesweredesignedto
whichtheairplanestsX1.sandstrikestheground

simulateaccidents.in
justasitentersa

spin.An inspectionof stall-spinaccidentrecordsindicatesthat
genersllytheleftwingtip,theleftlanding-gemwheel,andtheengine
oftheairplanestrikethegroundsimultaneously.To simulatesucha
crash,thesirplsnewasmadeto strikeanearthencrashbarrieras shown
infigurel(a).Thebarrierinthisarrangementcorrespondstothe
groundin an actualcrash.

Inthesetests,theapproachto thecrashbarrierwasmadein a
horizontaldirectioninsteadof a nesrlyverticaldirectionaswouldbe
thecasein a reslaccident;therefore,theforcesinthedirectionof
motionarein errorby a
errorinforcesis small
crash.

fa&or of app;ox&te”ly”lunitof gravity.This
in comparisonwiththeforcesmeasuredinthe

OperatingTechnique

In a crash,theairplanewaspropelledby itsownpoweralqg a
guiderailtowardthecrashbarrier.A s~pper,locatedattheendof
a tongue,guidedthesirplaneto thecrashbarrier.Thisguideslipper
wasdesignedto fitaroundthetopflangeoftheguideraii(fig.l(b))
in sucha mannerastopreventtheski~erfromleavingtherailin either
a verticalor a lateraldirection.In ordertopreventtheslipperand
tongueassemblyfromtransmittingforcestothe@lane structureduring
thecrash,a 12-inch-dismetersteeltube(fig.1(c))wasinstalledatthe
endoftherailto allowtheslipperandthetongueasse?iblytopass
underneaththecrashbsrrier.Themomentumoftheslipperandtongue
asseniblycarriedit.$lntothesteeltubeuponairplaneimpactwiththe
crashbarrier.Th&rearofthetonguewaspinnedtotheairplanewitha
3/32-inch-diameterpin (fig.l(d)) thatshearedundera loadof
l!50pmmds.
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Inorderto supporttheairplaneinflightattitudeasitproceeded
lxlmanneddowntherunway,a tailtrusswasboltedtothetail-wheel
attachmentbracket(fig.1(e)),thetail-wheelassemblyhavingbeen
removed.A l/8-inchaluminumplatethatwasflush-rivetedtothebottom
ofthetsiltrussslidalongontopoftheguiderail. Thistailtruss
weighedapprczdmately2*poundsmorethanthetail-wheelassemblythat

itreplaced.Thegrossweightof eachairplanewas1200,1013,and1261
pounds,respectively,forthecrashesat42,47,and60mph. TheCivil
AeronauticsAdministrationcertifiedmaximumweightoftheairplaneis
1220pounds.

An anchorpier(fig.l(f))wasinstslledontheguiderailatthe
rearoftheairplaneto retaintheairplaneundertake-offpowerwithout
brakes.Atensiometermeasuredthestaticthrustoftheairplanejust
beforebeingreleased.

Theearthencrashbsrrier(fig.l(a))locatedattheendofthe
guiderailwasconstructedofdirtcompactedto havea bearingpressure
of5900poundspersquarefootonthefrontsurfaceintowhichthesir-
planecrashed.Thisbearingpressurecorrespondstothelocalundis-.
turbedclayturfsoil.Thebarrierwas50feetlong,9;feethigh,and

22feetthickatthebase,slopedatanangleof55°to thevertical
axis,sndoriented66°to theaxisoftherail,asshowninthesketch
infigure2.

Thedummyinthefrontseat(fig.3)wasa standardAirForcedummy
designedforuseinthetestingofparachutes.Thisdummyhada skeleton
of steelmemberspinnedatthejointswithbolts.Theskeletonwas
coveredwithfeltpadding,smdtheskinwasnmdeofa heavycanvas
cloth. No attemptwasmadeintheconstructionofthedummyto simulate
therigidityofthehumanbody,althoughthemassdistributionofthe
componentpartsofthe_ wassimilartothatof a humanbeing.This
-was heldintheseatbya stsndsrd2-inchseatbeltattachedto
thefrontseatofthedrplane.

TheAirForceanthropomorphicdumuywasinstalledintherearseat
oftheairplaneas showninfigure3. Thisdummywasdesignedbythe
WrightAirDevelopmentCenterAeroMedicalLaboratory.Thedummyskele-
tonwasmadeofsteel,andscammmibersweremadeto simulatethestrength
ofthoseofthehumanbody.Elasticshockcordswereusedto simulate
mnsclesortendons,andspongerubberwasusedforthefleshandskin.
Thisdunmywasa reasonablereplicaofthehumanbodyinbothmassdis-
tributionandresilienceofhumantissue.However,thereactionofthe
dumy todecelerationdifferedfromthehumanbodybecauseoftheab-
senceofmuscularreflexaction.Theseatbeltandtheshoulderharness
usedtorestrainthisdummywereattachedtothebasicstructureofthe
airplane.
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Theairplaneconfigurationandthedunmryinstallationforeachof
thethreeimpactcrashesaregiveninthefolLowingtable:

ImpactSeat
qeed, location
mph

60

r

Rront
Rear

47

F

lRcont
seat
removed
Resx

Typeofdummy Restrainingharness

Parachute 2-inchseatbelt
Anthropomorphic1.Shoulderharness

2. 3-inchseatbelt

Anthropomorphic2-inchand3-inch
seat-beltcombina-
tion

Psrachute 2-inchsestbelt
Anthropomo@lic1.Shoulderharness

2.3-inchseatbelt

Airplane
fuel-t@
centents

72lb
water
(dyedred

Empty

Empty

L

Accelerometers

Accelerationsoftheheadandthechestoftheanthropomorphic
_ installedintherearseatoftheairplsnewereobtainedfrom
telemeteredaccelerometerdata.Accelerometersalsowereusedtomeas-
uretheaccelerationsontheairplanestructureattheresrseat.Meas-
urementoftheforcesexertedby thedumqyontheseatbeltandshoulder
harnesswasmadeby tensiometersinstalledateachattachmentpointof
therestrainingharness.

Threeaccelerometers,attachedtothefuselsge-floorstructureat
therearseat,measuredaccelerationsalongthelongitudinal,vertical,
andlateralaxesofthedrplsne.@ee accelerometers,installedon
thechestoftheanthropomorphic_, measuredaccelerations(1)longi-
tudinally(perpendiculartothespineintheforesndaftplane),
(2)vertically(parallelto thespine),and(3)laterally(leftand
right). Oneaccelerometerwasinstsdledintheheadoftheanthropo-
morphicdummytomeasureaccelerationsperpendicularto theface.

Tensiometers

Tensiometerswereinstalledateachendoftheseatbeltsndatthe
anchoryointontheshoulderhsrnessofthesntbropomorphicdummyto
measuretheforcesexertedontherestrainingharnessby thedummy
throughoutthecrash.

*
1
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TelemeterSystem

A simpletelemetersystemthatwasreadilyavailablesffordeda
convenientmethodforobtainingcontinuousrecordsthroughoutthecrash
oftheaccelerationsandtheharnessforces.Thetelemetertransmitter
waslocatedintheairplane& showninfigure4(b). Thereceivingand
recordingstation,aslocatedintheoperationsbuilding(ref.2),”is
showninfigure4(c).

Twotypesoftransducerwereusedinthetelemeterconfiguration.
Theaccelerometerswereofthevariable-inductance,suspended-slugtwe
(fig.4(d)) andweredesignedtohavea lhear changein inductancefrom
-90to 90ginthesensitivedirectionandtohaveatleasta 100:1
attenuationofresponseinthetwononsensitivedirections.Theten-
siometerswerealsointhevariable-inductancecategoryoftransticers.
Theyconsistedoftworigidlyinterconnectedbeamsthatspaceda powdered
ironslugwithina coil(fig.4(d)).Tensiona~liedbytheseatbeltor
shoulderharnesscausedthebeamsto deflect,resultingin a relative
displacementbetweentheslugandcoilandtherebyproducinga changein
theapparentinductanceattheterminals.Locationofinstrumentation
isgiveninthefollowingtable:

Channel

1
2
3
4

5

6

7

8

9

10

Measured Direction Location Figure Range
quantity

Acceleration]LongitudinalI~estofdummyIA(e)I -88to38g
AccelerationVertical IChestof_ I4(e)I -91to42g
AccelerationLatersl IChestofdunmy

‘1AccelerationLongitudinalFuselagefloor
atresxseat

4(e)
4(g)

-65to66g
-91to38g

AccelerationVertical FuselagefloorI4{g)I -81to32g
atrearseat

AccelerationZatersJ- Fuselsgefloor 4(g)I -50toSog
atrearseat

Tension

Acceleration

Tension

Tension

------------ Shmilder’hamess
ofreardummy

LongitudinalHeadofrear
d=

------------Seatbelt,left
sideofrear

4(h)

4(f)

4(i)

o to5000II

-43to45g

O to4800II

o to5000u

.. .. ..- —.. ——..——-— --— — — — — —— . - .
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Figure4(a)showsthegenerallocationoftheinstrumentationin
thesirplane.Thetenchsnnelsavail~leinthetelemetersystemwere
usedtomeasurethequantitieslAstedin theprecedingtable.Fig-
ures4(e)to (i),Msted inthelxible,showthespecificlocationof
eachtransducerasinstalledonthe&ammyorintheairplane.

Thetransmittingstationandbatterieswereprotectedby twoalumin-
um boxes,oneinste31.edinsidetheother.Theinnerbox,towhichthe
stationandbatterieswererigidlymounted,wassuspendedon allsides
by corrugatedpasteboardaE showninfigure4(b).Theoutsidealuminum
boxwassupportedintheaiz’pleneby a mountbuiltup ofweldedtubing.
‘lhisunitis shownbeforesndafterinstallationin‘theairplanein
figure4(b).Theconstructionwasdesignedto limtttheexpectedshort-
duration,high-peakaccelerationsimposedonthetransmittingstation.
Thesepsrateunitsofthistransmittingstationwerepreviouslychecked
alongthethreemajoraxeson a spin-typeg-taleandon a vibrating
tableat valuesupto 25gfromO to 200cyclespersecondwithlessthan
1/2percentoffull-scalechangeinthetransmitteddata. (Thisisnot
anindicationof flatresponseto 200cps,astheaccelerometerswere
notontheshaketd)lesj thistestwasstrictlyanequipmentsurvival
check.) Inthe47-mphcrash,a chsnnelwasleftvacant.Thesubcarrier
oscillatorforthischannelwastunedwitha ftiedinductancetothe
centerfrequencyofthechannelsadaJlowedto operatethroughthecrash.
Theoscillogaphrecordsofthetenchannelsoftelemetereddatafrom
the47-mphcrashareshowninfigure4(j).Therecordofftiedchsnnel7
clearlyshowsthattheaccelerationscerriedthroughto theequipment
sectionhad.noeffectonthedata.

Thetelemetersystem,exclusiveoftransducersandrecorders,
accordingto statisticalunpublisheddatahassnaccuracyof+2 percent
offull-scaleamp~tudeanda frequencyresponseof flatwithin& per-
centfromsteady-stateconditionsto 200cps. ThenatureofFM dis-
criminatorsis suchthatanincreaseinamplitudelowersthelimitof
flatfrequencyrespmse;andinthiscaseitmustbe statedthatfor
steady-statelevelsthefull-scale.mpLLtudewasfaithfiillyreproduced,
whileat200cpsthesmplitudehadtobe heldwit~n &O percentoffull“
scalefromthecenteroftherangeinordertohavewithin+2percent
flatfrequencyresponse.Thedatainthisreportsrewithinthisre@on
withtheexceptionofthecaseinwhichtherear_‘s headhitthe
neckoftheforwarddummyinthe60-mphcrash.Theaccelerometershada
measuredundsmpednaturalfrequencyofapproximately300cps. Theywere
filledwith2400-centistokesiliconedampingfluidandindividually
checkedfora dampingratioof0.60to0.64.Thisdampingratioresulted
inflatresponse@thin 5 percent,up to 85percentof theundemped
naturalfrequency.Thustheaccelerometerresponsewasflatwithin
5 percentto 250cps. Theseat-beltandshoulder-harnesstensiometers
hada calculatedundsmpednaturalfrequency(firstmode)of 1920cpsj
and,sinceanundempedsystemhasa flatresponsewithin5 percentup to
22percentoftheundampednaturslfrequency,thissystemdidnotrequire
~ -i% beiu flat~~t~n 5 percentUP to420CPS●
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Thefrequencyresponsesoftherecordinggalvanometersusedinthe
60-~hcrashwerechosenwitha specificmeasurementinmindandwereas
follows: Galvanometerswhichhada responsethatwasflatwithin5 per-
centto 300cpswereusedforrecordingthethreecomponentsof accelera-
tionoftherem dummytschestandofthefloorundertherearseatand
theaccelerationinthetopofthedummytshead.Thegalvanometersused
torecordthebelttensionswereflatwithin5 percentto 180cps. An
inspectionofthetelemeterrecordsrevealedthatthebasicdatawere
relativelylowinfrequency,exceptfortheaccelerationsonthefloor,
andtheresponseofthesystemwaswelloverthatrequired.Thehigh-
frequencyresponseofthegalvanometers,however,didproducerecords
thatwerehardtoreadbecauseoftheintermodulationpresent.Inthis
crash,burstsofnoiseoccurredsimultaneouslyin slltherecorded
chsnnelsthroughouttherunandslmostobliteratedthecrashrecord.
By taxitestson enairplanethesourceofthisnoisewasdeterminedto
be unbendedmetal.partschaffingtogether.Thisproblemw= overcomeby
USingshortheavygroundstrapsaroundsJ3.metmic links,andby cover-
ingthecontrolcableswithplastictubingtopreventintermittent
groundingto adjacentmetal(fig.4(k)).In ordertoproducecleaner,
easier-to-readrecords,withoutimpairingtheaccuracyofthedata,the
galvanometersusedtorecordthechestdecelerationsandbelttensions
werechangedinthe42-and47-mphcrashesto a typehavinga frequency
responseofflatwithin5 percentto 100cps.

MrplaneVelocity

Thegroundspeedoftheairplenewasdeterminedlyelectronictimers
asdescribedinreference2. In addition,thegroundspeedwasdeter-
minedbytime-displacementstudiesofhigh-speedmotionpictures.

Motion-MctureCemeras

Motion-picturecemeraslocatedontheveriouscameraplatforms
aroundthecrashbsrrierrecordedthedestructionofthesirplaneatthe
bsrrier,theareaoffuelspillage,andthemotionofthedummies
instaJledinthefuselage.

Mitchell,Cin6,Fe.stax,andK-24cameras,alloperatingelectrically
withintherengeoffilmspeedsshowninreference2,wereusedineach
crash.Thelocationsofthecamerastationsareshowninfigure2.

Becausethenaturalilluminationofthecdin areainthefirst
crashwasinsufficienttorecordclesrlytheactionofthedummies,addi-
tionallightwasprovidedforsubsequentcrashes.Thislightsource
comprisedabankof 96tungsten,focal-plane,flashbulbs(fig.4(Z)).
Thesebulbsweresetoffin setsoffourdistributedalongthedecelerat-
ingdistanceoftheeirplane.Twenty-foursetsoffourflashbulbspro-
ducedpeakilluminationfora durationof 1 second.

———..—— —-—...
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CalculatedAccelerationCurves

Curvesof longitudinaldecelerationoftheenginein sJlthree
crashesandofthefuselagefloorundertheresrseatinthe60-mph
crashwerecalculatedfromthephotographictime-displacementdatawith
equsltimeincrementsof0.005second.Cslcu.lationof enginedecelera-
tionwasnecessary,sinceno accelerometerswereinstalledontheengine
becauseoftheUmitednumberoftelemeteringchannelsavailable.
Longitudinalfuselagedecelerationduringthe60-mphcrashwascalcu-
lated,becametheaccelerometerdatainthiscrashwererendered
invalidbystructuralfailureofthemembersonwhichtheaccelerometers
weremounted.

DefinitionofAccelerations

Sincetheaccelerationsalongthelongitudinal,vertical,andlat-
eralaxesaretohe considered,itisnecessarytodesignatea direction
foreach.

Thesketchesinfigure5 of seateddummiesshowclearlythedirec-
tionanddefinethelinesraccelerationsalongthelongitudinaland
verticalaxes.Accelerationsalongthelongitudinalaxisoftheairplane
thatincreasetheforwardspeedoftheairplsneme positive<+g)as ,
showninfigure5(a).Whentheairplaneexperiencespositiveacceleration
inthelongitudinaldirection,thedummy~sbackpressessgsinsttheseat
back. In a’negativeaccelerationinthelongitudinaldirection,thedummy
movesforwardwithrespectto theseatandisrestrainedby theseatbelt
andshoulderharnessasshowninfigure5(b).To simplifylangusge,
“deceleration”willbeusedinplaceofnegativelongitudinalaccelera-
tion(-g).Accelerationsalongtheverticalaxisinwhichthedummyis
thnistupwardarecaKled‘positiveaccelerations(+g)as shownin
figure5(c).Accelerationsinwhichthebodyispulleddownwardlythe
shoulderharnessandseatbelt(fig.5(d))me called“negativeaccelera-
tions”<-g). Leftorrightlateralaccelerationsproducea respective
displacementofthedumyto theleftortherightfromtheneutral
position.

RESULTSANDDISCUSSION

AccelerationAlongLongitudinalAxisofAirplane

6041phcrash;- Inthissectiona comparisonismadeofthelongi-
tudinalaccelerationofthefuselageattherearseatwithrespectto
theengine,andtheaccelerationefieriencedbytheresrdumyfschest .-
sndheadinresponsetotheairplaneaccelerations.Theshoulder-hsrness
andseat-beltforcesassociatedwiththeseaccelerationssrealsodis-
cussed.
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Infigure6(a)theaccelerationofthe-lane structureandof
thedummyme comparedforthecrashinwldchtheairplanespeedwas
60mphuponimpactwiththebarrier.Timeiscountedfromthemoment
theairplanepropellertipstrikesthebarrier.Thedecelerationonthe
engine(fig.6(a))risesrapidlyata rateof 4130gpersecondto a
peakvalueof 62gandremainsatthisvsluefor0.015second.The
decelerationof thefuselageisattenuatedbythecrumpHngofthestruc-
turebetweentheengineandthefuselagefloorattheresr-seatposition.
Thiscrumpkhgreducestherateofonset.ofdecelerationfrom4130gper
secondontheengineto 1500gpersecondonthefloorsndalsoreduces
themagnitudeofthisdeceleration.Fourpeakvaluesof deceleration
occuxonthefuselsgefloor.Thesepeaksvaryfrom25to 33gandoccur
attimeintervslsof approximately0.023second.

A delsyof0.023secondbetweentheonsetof fuselagefloordecelera-
tionandtheonsetof chestdecelerationisbelievedtobe theforward
movementofthechestofthedummyofapproxtely 2 inchesrelativeto
theseat.Thisrelativeforwsrdmovementofthechestis an accumulation
of displacementpartlydueto (1)slackinsllcomponentsoftherestrain-
inghsrness,(2)elongationoftheharnessundertheinitialload,and
(3)theresi13.enceofthesponge-rubberfleshoftheabdominal,thoracic,
andshoulderregionsofthedummy.Theresultipgovershootingofpeak
valuesofthechestdeceleration,whencomparedwiththedecelerationof
thefuselagefloor,isthendependentuponthemass-springcharacteris-
ticsofthedmmuyanditsrestrainingmechanism.Themagnitudeofthe
firstpeakof chestdecelerationof34gthusexceededthefirstpeakvalue
offuselagefloordecelerationof25gby 28percent.A maximumchestde-
celerationof50gwasobtainedat0.118secondafterimpact.

Aftertheslackintheseatbeltandshoulderharnessistakenup
by thebeginningof decelerationofthedummy,thedummy,therestraining
belts,andtheairplanestructurebeginto respondto thedecelerative
forceappliedatthenoseofthesirplaneascomponentsof aninter-
dependentelasticsystem.Becausethemassofthedummyis comparable
tothatofthefuselage,thefuselagefloordecelerationmaybe directly
sffectedby theloadimposedontheairplanestructureby thedummy.
Thus,oncetheresrdummyreachesitsfirstpeakof decelerationat
0.073secondfolJ-owingimpact,thefuselsgefloordecelerationresponds
insomemeasuretothechsmgein loadingonthesirplanestructureimposed
by thedecelerationofthedummy.Sincethegrossairplsneweightwas
1260pounds,theweightoftheresrdummyap@oximately200poundsand
thatofthefrontdummy155pounds,theinterrelationofthedeceleration
historyofthedumieswiththatofthefuselageundertherearseat
duringthecrashisapparent.Followingthefirstpeakinfuselage
deceleration(fig.”6(a)),thisinterrelationappearsaseachpeakin
fuselagefloordecelerationoccursatapproximately0.01secondafter
thecorrespondingpeakindummydeceleration.Thelastmsrkedpeakvalue
infloordecelerationfollowsthelastpeakvalueindumy’deceleration
by 0.007second.

—.——.——__ __.. .-— .—— — —-
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Headdecelerationinthe60-mphcrashbegsnat0.062secondafter
impact,followinga delayof0.01secondafterthebeginningof chest
deceleration.Headdecelerationdidnotreachappreciablemagnitudes
until0.10secondaftertipact.Thedelayinthebuild-upofhead
decelerationwasduetonmvementoftheheadrelativetothechestup
to 0.10secondtiter-act. Theriseinheaddecelerationbetween
0.10andO.11secondindicatescontactofthecbinwiththechest.This
contactwasobservedinthemotion-picturefilmatshout0.10second
titer@pact.

ThesharpriseindecelerationthatbeganatO.11secondindicates
contactoftheresrdummytshelmettiththesteelneck-jointofthe
frontdummy.ThemannerinwhichthehelmetcontactedtheneckJoint
ofthefrontdwmy wasest~lishedinthepost-crashanalysis.The
insetinfigure6(a)showsa post-crashreconstructionofthiscontact.
Twopeaksofover100gdecelerationwererecorded,but,sincethe
responseoftheinstrumentforsuchsharp.riseswasnotflatforvalues
dbove55g,my valuesabovethissmountaresubjecttoUnpredictdle
error.

4744phcrash.- EHmilsrengine-fusehge-chest-headdataforthe
47-mphcrasharepresentedinfigure6(b).Thepeakenginedeceleration
inthe47-mphcrashreached46gin0.041secondafterimpact,then
droppedtoa plateauof 31g. Theenginedecelerationexceeded31gfor
0.016second.CrumI&@ oftheairplanestructureisresponsiblefor
thedec~neofthemaximumdecelerdionof46gattheengineto 32.5g
atthefuselagefloor.Fourpeakvaluesof decelerationoccuronthe
fuselagefloorandvsryfrom32.5to 27.5gforapproximately0.38sec-
ond. As shownbyfigure6(b),onsetof dummychestdecelerationlagged
onsetofenginedecelerationby about0.01second.Therateofincrease
ofchestdecelerationof 980gpersecondwasappreci~lyreducedfrom
4600gpersecondattheengineand4300gpersecondatthefuselage.
Maximumchestdecelerationofthedummyreached46gby 0.088secondafter
imyact.

Headdecelerationof lowmagdtudepersisteduntil0.122second
sfterimpact.Therapidincreaseinheaddeceleration,beginningat

. 0.122second,occurredaftertheheadhadbrokenloosefromtheshoulders.
Observationofthemotion-pcturedatadefinitelyestablishedfailureof
theneckby0.121second.

L
Fdlureoftheneckofthisdummyisinno

wayindicativeoftheprobab ty ofdecapitationof a humanbeing,as
humsnshaverepeatedlySnrviveddecelerationsup to 45gwithno indica-
tionofneckinjury(ref.3)~
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42-Mphcrash.-Dataforthe42-mphcrasharepresentedinfig-
ure6(c).Themaximumenginedecelertiionwas32gwitha durationof
decelerationinexcessof 30gexistingfor0.016second.Reductionin
therateofonsetoffuselagedecelerationfromthatof theen@newas
notaspronouncedinthelower-speedcrashesasitwasinthe60-mph
crash.Themaximumenginedecelerationof 30to 32gwasreducedto 26g
atthefuselage-floorposition.Msxinmmpeakdecelerationofthedummy~s
chestreached32.5gby 0.084secondafterircpact.A secondpeakchest
decelerationof 26.5goccurredat0.125secondafterimpact.

No appreciabledecelerationofthereardummy’sheadinthe42-mph
crashwasrecordeduntilaftertheheadwasdetachedat0.096second,in
a mannersimilartothatofthe47-mphcrash.

Intherecordoffuselage-floordecelerationduringthe60-mph
crash,constantvelocityisindicatedup tothetimeof onsetofengine
deceleration.Duringthecorrespondingtimeinthe47-and42-mph
crashes,however,alternatefluctuationsofpositiveandnegative
accelerationwererecorded(figs.6(b)and(c)).Thehighestofthese
frequenciesis approdmately100cps. Thesefluctuationsoflongitudinal
accelerationofthefuselagefloorproh~lyareassociatedwiththefacts
thattheguideslipperleavestheendoftheguiderail,thepropeller
tipscontactthebarrier,andtheguideslipperstrikesthebottomofthe
tunnelbeforetheguidetongueiscompletelydetachedfromtheairplane.
Theabsenceof anyindicatedchangeinfuselagevelocityinthe60-mph
crashis duetotherelativeaccuracywithwhichchangesintherateof
displacementoftheenginecouldbe recordedby photographicdata,com-
paredwiththatoftheaccelerometer-telemetersystem.

EffectofImpactSpeedonLongitudinalDeceleration

Fuselage.-“Theeffectof impactspeedonthelongitudinaldecelera-
tionofthefuselagefloorattherearseatis shownin figure7. These
dataindicatethatthem~ decelerationdoesnotchangeappreciably
withimpactspeed.Themaximumg forthethreecrashesvsriedfrom26.5
to 33.5g.Thissmallchangeinpeskdecelerationindicatesthatthe
structurewild.sustainonlya certsinforcebeforea sectionbeginsto
fail.As eachsectionfails,theloadshiftstoothersections,until
thetotaldecelerativeforcehasbeenreducedbelowthemagnitudethat
causesfsilureofthestructure.

Inthe60-mphcrash,thefuselagecrumpledto sucha degreeasto
allowtheleadingedgeofthewingsto comein contactwiththecrash
barrier,andtheresultingdamagetothewingstructureis shownin
figure8(a).Thisimpactofthewingswiththebarrierundoubtedly
sidedin reducingthedecelerativeforcethatwastransmittedtothe
fuselagebecausepartofthemassofthewingswasdeceleratedbydirect
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contactwiththebarrier.Verylittledamageoccurredtothewingsin
the47-snd42-mphcrashes,asshowninfigures8(b)and(c). Sincethe
msximumfuselage-floordecelerationforthethreecrashesdidnotvsKy
appreciably,thedurationofthedecelerationsincreasedwithincreasing
impactspeedconsistentlywiththehigherairplanemomentumatimpact.
A measureofthisdurationcanbeobtainedbynotingthetimeofthe
lastmajorpeak(fig.7). Thispeakforthe60-mphcrashoccurredat
0.124secondafterimpact.Thelastpeakdecelerationforthe47-mph
crashoccurredat0.076secondafterimpact,andthelastpeakforthe
42-mphcrashoccurredat0.061secondafterimpact.Theaversgerateof
onsetof decelerationofthefuselagefloorforthe42-and47-mph
crasheswasapproximately2400gpersecondand4600gpersecond,respec-
tively.

Chestofdumy. - Inmaldnga comparisonofthechestdecelerations
to determinetheeffectofimpactspeed,datafromthe47-mphcrashwere
deleted,becasethedumnywasinstslledwithonlyseat-beltrestrsint.
Thedsenceof a shoulderharnesspermittedthetorsoto flexaroundthe
seat%elt. EQure 9 isa plotofthelongitudinaldecelerationofthe
chestagainsttimeforthe42-andthe60-mphcrashes.Decreasingthe
impactspeedfrom60to42mphreducedthenuuiberofmajordeceleration
peaksfromthreetotwoandalso-reducedthemagnitudeofthelargest
decelerationpeakfrom50to 32g. Thegenerslover-all.timeduring
whichthedecelerationwaEappliedforthetwoimpactspeedswasapproxi-
matelythesame.Therateofonsetof decelerationdecreasedfrom2200g
persecondforthe60-mphcrashto 950gpersecondforthe42-mphcrash.

Thepes.kdecelerationforthechestincreasedslightlymorethan
linearlywith@act speed,whereasthepeakdecelertiionforthefuse-
lagew% notappreciablysffectedbyimpactspeed.Thetotaltimeduring
whichmajorchestdecelerationoccurreddidnotchsngeappreciablywith
impactspeed(fig.9),butthetotaltimeduringwhichthemajorpeaks
offuselagedecelerationoccurredvaziedfrom0.023secondforthe
42-mphcrashko0.070secondforthe60-mphcrash(fig.7).

LateralAccelerations

Thelateralaccelerationsinfigure10wererecordedduringthe
crashatsnimpactspeedof42mph. As indicatedinfigure10,these
accelerationsareinsignificantrelativetothemagnitudesofthe
accelerationstransmittedlongitudinallyandverticallyfromthefuse-
lsgetothedunmy.Laterslaccelerationofthedmmny’schestandthe
fuselagefloorreachedpeakvsluesof5 and6g,respectively,whereas
verticalandlongitudinalaccelerationofthedumytschestreached
18and32g,respectively(fig.U_(a)).Verticalandlongitudinal .

—



NACATN 2991

fuselage-flooraccelerationreachedrespective
26g(fig.6(c)).Whilepeakvaluesof lateral

13

peaksof 9 (fig.12)and
accelerationrecordedon

thedummy’schestwereapproximatelythesameasthoserecordedonthe
fuselagefloor,thereappearstobe nophaaecorrelationbetweenthe
tworecords.Despitetheasymmetricalcrashconfiguration,thelateral
accelerationsdonotindicateanytendencytopredominatein either
direction.Thegeneraltrendsinlateralaccelerationezdsting,inthe
42aph crasharealsofoundinthe47-and60-mphcrashes.

RestrainingForces

Preliminexystatictestsof sefety-harnesscomponents.- Several
typesof airplaneseatheltandshoulderharnessweretensile-tested
staticallyto determinetheirbreakingendelongationcharacteristics
beforebeinginstalledontheAirForceanthropomorphicandstandard
parachutedummiesforthelight-airplanecrashes.Cowositephotographs
oftheseatbeltsndshoulderhsrness}thestressandstraincurves,and
thespecificationsofeachharnesssreshowninfigure13. Allstatic
belttests,exceptthetestshowninfigure13(b),wereconductedby
instalkhgthebeltsin a tensilemachinesothata straightpull.was
inducedlengthwisealongthebelts.Statictestsofthe2-inchwide,
commericalseat-beltassenibly(fig.13(a))resultedin anelongationof
7;inchesundera 1515-poundtensileloadbeforefailureoccurred.The

webbingfailedbecauseofthecuttingactionoftheserrationsofthe
buckleclsmp.

Otherinvestigators(ref.4)haveconsideredthepossibilitythat
in a crash,contrarytothegenerallyusedstatictestconfiguration,
theloadontheseatbeltis soappliedthatthestressesinthebelt
fibersareunequal.Thisunequalstressdistributionis causedby
fletionofthetorsoovertheseatbeltinthepelvicregionin sucha
mannerthatthetwoedgesarefoldedtowardeachother.Forthepurpose
of compsringsuchan asynmetricslloadingwitha streight-pull,tensile
test,a 2-inchseatbeltwastestedin a tensilemachinewiththetest
fixtureshowninfigure13(b).Thisfixtureheldthebeltin a shu-
latedcrashcotiigurationthatincludedcurvatureofthepelvicregion,
foldingtogetherofthebeltedgesacrossthepelvicregion,anda
totslbeltlengthcompsr~letothatusedinthestraight-pull.static
test.

Inthisstatictest,usingthetestfixture,theseatbeltfailed
at3020poundstotslloadtitera totalelongationof & inches.8 Failure

ofthebeltwascausedby thecuttingactionofthebuckleas~dicated

.—— —. .- — — — —
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in figure13(b).Comparisonofthebreakingloadofthebeltunder
theasymmetricalloadingwiththestraight-pullloadingindicatedthat &
fiberstiessesduringthestatictestingareofthesameorder,about
Moo pounds● Thus,no unequalfiberstressessreindicatedintheasym-
metricalloadingduringstatictesting.Forthisreason,theseat-belt
loadsrecordedinthecrashemployingthe2-inchseatbeltarecomparable
witheitherofthevaluesfoundfromthetensiletests.

The3-inchmi13taryseat-beltassenibly(fig.13(c))wastensile-
testedina straightpull. Itfailedundera loadof 2620poundstiter
stretchinga totslof~ inches.Failureofthisbeltassemblywas

causedby cuttingofthewebbingby theadjustingbuckle.Inremoving
thisbeltassenitilyfromthetensilemactdnethehookofthefastening
bucklewasfoundtobebroken(fig.13(c)inset).Thisbreekwaanot
observedtiingthetestj therefore,theloadatwhichthehookofthe
bucklefelledisnotlamwn.

ThemilAtaryshoulder-harnesssssembly(fig.13(d))wastensile-
testedtofailure.Thisfailureoccurredbecauseofthecuttingaction
oftheadjustingbuckleonthewebbing.Priortofailureofthewebbing,
approximately2 inchesofthestitcldngattheJunctionofthetwoindi-
vitialshoulderstrapsfailed.Thisbeltassedlyfsiledundera load
of4725po~ witha totalelongationof l% inches(fig.13(d)).

RestrainingForcesDurhg Crash

42-Mphcrash.-Theforcesactingthroughtheseatbeltandthe
shoulderharnessto restrainthedummyinhisseatandtheaccelerations
appliedtothechestofthedummyinthe42-mphcrashareshownin
figuren(a) and(b).Verticslandlongitudinalchestaccelerationssre
plottedinfigureH.(a).Totalseat-beltforce,plottedinfigureZI.(b)
withlongitudinalchestdecelerationandshoulder-harnessforce,isthe
sumoftheforcesrecordedateachendoftheseatbelt.

Duringthefirst0.04secondfollowingtheonsetof longitudinal
chestdeceleration,theseat-beltandshoulder-harnessloadsincreased
inphase.Theseat-beltandshoulder-harnessforcesreachedtheir
medmumvaluesconcurrentlywiththemaximumlongitudinaldeceleration
ofthecheet.Thetotslseat-beltrestrainingforcesreacheda msximum
of2440poundsattheseineinstsnt(0.082see)astheshoulder-harness
forceqreachedtheirmaximumvalueof1240pounds.Thetotalrestraining
forcesoftheseatbeltandshoulderhsrnesswouldbe thesumofthese
two,or3680pounds.Thetotelseat-beltforceaccountsforapproximately .

,
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two-thirdsofthetotalrestreiningforce,whiletheshoulderhsrness
sustainedone-thirdofthetotalforce.Thelargeststresses,therefore,
we onthedummyispelvic-abdominalregion,wheretheyexceed1 ton. It
canbe seenfromthisdatathatthetotelrestrainingforcewasequally
distributedthroughthethreepointsof attachmentoftheseatbeltand
shoulderharnessontheairplanestructure.Theuseoftheshoulder
harnessreducedthetotalrestrainingforce@seal ontheseatbeltand
itsattachingstructureby appromtely 33percent,andittransmitted
thisportionofthetotalrestrainingforceto a tkl.fferentpointofthe
fuselsgestructure.Partofthedecelerativeforceactingonthedummy
istrsnsmitiedthroughitslegs,whichareincontactwiththefuselage
frsme.Applicationofthisforce,whichvariesinmsgnitudeaatheair-
planestructuredeforms,partiellyaccountsforthedifferencebetween
theshoulder-harnessandseat-beltloadsafter0.09second.

It canbe seenfromfiguren(b) that,asthechestdeceleration
decreasedfromitspeskvalue,thetotalseat-beltforcedecreasedin
phasewiththedecreaseinchestdeceleration.Meanwhile,therestrain-
ingforcesontheshoulderharnessremainedatnearlymsxhmmvalue.
Thefactthattheserestrainingforcesremsinedforapproximately
0.04secondbeforedecreasingmaybe duetotherigidityoftheleg
jointsofthedummy,sothatthedumnypivotedaroundtheseatbeltwith
hislegspushingagainstthetorsoandthusrelievedsomeoftheforce
ontheseatbelt.

60-Mphcrash.- Figuren(c) is a plotoftheharnessrestraining
forcesandlongitudinalchestdecelerationthatoccurredduringthe
60-mphcrash.Thesecurvesshowthessmecharacteristicsaswerenoted
inthe42-mphcrash,exceptthatpeakdecelerationsandpeakforceswere
higherinthe60-mphcrash.Totalseat-beltforceandshoulder-harness
forceincreasedinphasewiththeincreaseinlongitudinalchest
deceleration.Thetotalseat-beltforcereacheda ma.ximwof4050pounds
approximately0.003secondaftertheftistpeakin chestdeceleration
of 34g. Maximumshoulder-harnessforcereached2050poundsat0.085sec-
ondafterimpact.Totalrestrainingforcereachedspeakvalueof
5800pOUIldS.Shoulder-harnessforceremainedatnearlymaximumvalue,
whiletotalseat-belt.forcedroppedto 1400poundsandthenbuiltupto
a secondpeakof 3200pounds.Thethirdpeakinlongitudinaldecelera-
tionreached50gat0.L20secondafterimpact.

47-Mphcrash.- Thedumywas restrainedinthe47-mphimpactcrash
by a Z-inch-widecommercialseatbelt. No shoulderharnesswasemployed.
Onthebasisofthestaticelongationandfailuretestsofthe2-inch-
wideseatbelt,thebeltwasexpectedtofailinthiscrash.Thisseat
beltwaEinstalledonthedummyinorderto observethenatureofthe

. —. . . . . . .— .— .—___ —.—.—-— ___ .. .
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failureinthecrash,sincefrictionbetweenthebeltandtheclothing
ofthedummymodifiesthebeltfiberstressesin a waynotwellunder-
stoodatthepresenttime. A secondseatbelt,3 incheswide,wasused
inconjunctionwiththe2-inch-wideseatbelt. This3-inch-wideseat
beltwasadjustedsothatitslengthwas8 incheslongerthanthecom-
mercial2-inch-wideseatbelt. Figure14(a)showsan exaggeratedview
ofthelengthoftheseat-beltaasetilypriorto installationonthe
dummyintheairplane.Withthisarrangement,bothbeltsbeingattached
totensiometers,a continuousrecordingofthebeltforceswasobtained
up to andfollowingthebreakingofthe2-inch-wideseatbelt.

Figures14(c)and(d)illustratetherelationoftotelseat-belt
forceto verticalandlongitudinalaccelerationsinthe47-mphcrash.
Theverticalandlongitudinalchest-accelerationcurvesme shownin
figure14(c)jthecurveoflongitudinalchestdecelerationisplotted
withthetotalseat-beltforceinfigure14(d).

Totalseat-beltrestrainingforce(fig.14(d))reacheda maximumof
4400poundsasthelongitudinalchestdecelerationreachedspeakof
45.5g.Totalseat-beltforceincreasedinphasewithlongitudinalchest
decelerationsnddecreasedinphasewiththedecayin longitudinalchest
decelerationfromitsfinalpeak.

Threepeakvaluesappearedinthecurveoflongitudinalchest
deceleration,whilethesestbelthadonlytwopeakvalues.Thethree
peeksinlongitudinalchestdecelerationoccurredbecausethetorsowas
alloweda widerangeofmovementduringdeceleration.Becausethe
restrainingforcewasappliedwithonlya seatbelt,thebeltactedas
a fulcrumshoutwhichthetorsowasallowedtorotate.Betweentheonset
ofdecelerationandthedecayfromthefinalpeakindeceleration,
responseofthetorsototherestrainingforceisindeterminate.

Theshsxpdropinthetotalseat-beltforceisduetothefailure
ofthe2-inch-wideseatbeltbetween0.084and0.094secondafterimpact
andthesubsequentlo~ng ofthe3-inch-wideseatbelt. Failureofthe
2-inchseatbeltisindicatedbytherapidrateofdecayfromthepeak
load(0.084secafterimpact).Thetimeduringwhichthissharpdropin
totalseat-beltforceoccurred(0.006see)indicatesprogressivefailure
ofthefibersofthebeltwebbingfromthecuttingactionof thebuckle.
Figure14(b)isa post-crashphotographshowingthebreakinthe2-inch
seatbeltandtheundmnaged3-inchseatbelt.

In sustaininga peakforceof4400pounds,beforefailureinthe
47-mphcrash,the2-inchseatbelthadwithstood147percentofthe
breakingforcerecordedforanidenticalbeltduringthestatictensile-
testmock-up(fig.13(b)).Theseat-beltbreakingstrengthunderdynsmic
loadinginthecrashwasapprodnatel.yl;timesssgreatasthebreaking

loadof 3020poundsunderstaticloading.
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Verticalchestaccelerationsinfigure14(c)supporttheindication
thatthe2-inchseatbeltbrokebetween0.084and0.092second.The
chsngeofdirectionrecordedintheverticalchestaccelerationduring
thistimeindicatesthatasthefirs-tseatbeltbroke,it allowedthe
-to travelupw=d,~estr~ned, untilthedummycontactedthe
secondseatbelt. As soonasthedumy contactedthesecondseatbelt,
hismomentsryupwardtravelwasarrested,asshownby a decreasein
upwsrdacceleration.Beginningat0.093second,thetot~ seat-belt
forceincreasedinphasewiththechangein verticalacceleration.

Themotion-picturedatashowedthatthedumnystartedmovingfor-
wardfromhisseatat0.041second.Thistimeconcurswiththedummy
movementindicatedby thelongitudinalchestdeceleration.A. 0.091sec-
ond,thedummystartedto flexaroundthe3-inchseatbeltafterthe
2-inchseatbelthadbroken.

Thedropintotalseat-beltforceto a valueof 1500poundsat
0.091secondindicatesthatthe8-inchslackinthe3-inch-wideseat
beltwaEnotcompletelytakenup atthetimeoffailureinthe2-inch
seatbelt. Afterthe2-inchseatbelthadfailed,theremainingforce
ofdecelerationwaEabsorbedbythe3-inchseatbelt. Msxhmundisplace-
mentofthepelvicregionofthedummywasreachedat0.lJ_2secondafter
impact,becausethedisplacementconsistedof’theaccumulatedelongation
ofbothseatbelts.

Msximumbendingofthe.torsoabouttheseatbeltMd notappear
until0.139second,or0.027secondsftermaximumdisplacementofthe
pelvicregionofthedummy.Removalofthefrontseatforthistest
permittedfullflexionofthetorsoaroundtheseatbelt. Ma@numbend-
ingofthetorsowasdelayeduntilthelongitudinalchestdeceleration
haddecreasedtovaluesof7 to 8g.

8urvivabilAtyAspects- InjuryPotential.

Deceleration.- Theconclusionsreachedfromtheworkon‘Euman
ExposurestoLinearDeceleration”(ref.3)werethattheseverityofthe
physiologicaldsmageduringdecelerationdependsonthemagnitude,the
rateof increase,andthedurationofthedeceleration.

Inthestudydescribedinreference3,a humanbeing,carefully
supportedinhisseatby a speciallydesignedseat-belt- shoulder-
hsrness- leg-strapcombination,wassubjectedto amsximumdeceleration
of45.3g,existingfora durationof0.228second,witha rateofonset
ofdecelerationof493gpersecond.Theinjurysustainedinthis
decelerationconsistedof conjunctivalandretinalhemorrhage.These
injurieswerenotof sufficientintensitytopreventcontinuanceof
normal.dutiesfollowingthetest.Definitesignsof shockwerenotedin

— ——.—..—— _ — -— -.—
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thesameinvestigationata plateauvalueof38g,whentherateofonset
ofdecelerationwaEincreasedto 1370gpersecond.Thesevaluesof
maximumdeceleration,timeof duration,andrateofonsetofdecelera-
tionwere thedataobtsinedfromthetime-displacementdskaonthesled
{ref.5)onwhichthehumanbeingrode;consequently,theyrepresent
onlythe~ valuesemployedinthestudyanddonotdefinethe
*soluteLimitsofhumantolerance.Thechestdecelerationmeasured
inthecrashesreportedhereinwerenohigherthanthevalueof45.4g
o%tainedinthestudyinreference3. A peakvalueof 50gof short
duration,however,wasobtainedduringthe60-mphcrash.In investiga-
tionsof actualstall-spinaccidentsconductedbyCornellCrashInjury
Resesmh,inwhichthedistortionoftheeirplanestructurewasequsl
to,or exceeded,thatobteinedinthe60-mphcrash,theresrpassenger
wssfrequentlyfoundto survive.The50gpeakindecelerationisthere-
foreassumedtobe survivable.

Rst.eof onsetof decelerationvsriedinthelight-airplanecrashes
from1000to 2500gpersecond.The1370gpersecondrateofonsetof
decelerationusedinthestudieswithhumanbeingsis exceededin some
ofthecrashesofthisstudy.Itis difficult,however,to appraise
thefullmeaningofthisfactintermsofhumansurvivsl,sincethe
durationofonsetof decelerationwasmuchbrieferinthecrashes
reportedhereinthanirithetestsinreference3.

Bodilycontactwithstructure(seatbelt- shoulderharness).-
Comparisonoftherelativeforwardmovementofboth”dummiesduringthe
42-mphcrashillustratesthe-ted forwardmovementoftheoccupant
whenshoulderharnessiswornin additiontothenormalseatbelt. As
seeninfigure15,thereardummy(installedwithseatbeltandshoulder
harness)movedforwardoutofhisseatabout8 to 10inches,theforward
displacementbeingkbnitedtotheamountof elongationinthewebbing
oftherestrainingharnesses.Inthemostforwardposition,reachedat
0.089second,thetorsowasapproximatelyvertical.Duringthistime,
thefrontdummy(installedwithseatbeltonly)alsomovedforwardout
ofitsseat*out thesamedistance,withthetorsoreachingthevertical
position.Thetorsoofthefront_ thenpivotedaroundtheseatbelt
about30°pasttheverticslposition,untiltheforwardmovement,orrota-
tion,orboth,wasarrestedbythedummy’sstrikingtheinstrumentpanel.
At 0.116second(fig.15(b)),thed-’s chestcontactedthefaceof
theinstrumentpenel,anditschincontactedth_etopofthetistrument
panel.Themsxhumforwardpositionofthedummyshowsthatthechest
ofthefront-seatoccupantinthisairplanehadbeenthrown22to
24inchesforwerdfromitsnormalseatedpositionto striketheinstru-
mentpanelbecauseitwasnotheldtightlywithseat-belt- shoulder-
hsrnessrestraint.
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Thefrontdummyinthe60-mphcrashalsostrucktheinstrumentpanel
inthessmemanneraEillustratedforthe42-mphcrash.Thefront_
inbothcrashesthenbouncedbackintothenormalseatedpositionas
shownby thepost-crashphotographsofthe60-and42-mphcrashesin
figure16. Thesefigures,whencomparedwiththephotographof an
undamagedeirplane(fig.3),alsoillustratethereductionindistance
betweenthefrontdunmyandtheinstrumentpanel.Thepost-crashfront-
cockpitclearancedecreasedasimpactspeedincreased.

Figure17(a)is a frontviewofthedummy,indicatingthelocation
andthearessof contactinthe60-mphcrash.Contactoftheheadwith
theinstrumentpanelwasof sufficientintensitytoputpermanentcreases
intheheavycanvascoveringofthedummy’shead.Theheadstruckthe
topoftheinstrumentpaneloverthetwosreasindicatedinfigure17(a)
andleftthedentintheinstrumentpanelasshowninfigure16(a).The
right-sideviewoftheheadinfigure17(b)showstheareaoverwhichthe
headcontactedtheupperrightcabindiagonal.braceontherebound.Con-
tactofthechestwiththefaceoftheinstrumentpaneloverthesrea
indicated(fig.17(a))wasof sufficientforceto iaibednumerouspieces
ofmetalinthefelt-fabriccoveringofthedummy.Definitecontacttith
thecontrolstickwasindicatedinthepositionshowninfigure17(a).
Finalpositionofthecontrolstickwithrespecttoboththedummy~s
chestandtheinstrumentpanelis showninfigure16(a).Thisfigure
alsoshowsthefinslpositionofthekneesjsmmedintothebottomedge
oftheinstrumentpanel.Figure17(a)indicatessreasontheknees
ofthedummythatwerecutendtornby thiscontact.Abrasionmarks
ontheclothcoveringofthednmmy:slowerlegsindicatecontactwith
thelower-cabinremovablediagonalbraces.Thefinalpositionofboth
feetinfigure17(b)indicatesthesevereflexureofbothanklesinthe
crumpledforestructure,whilethebackviewshowstheareaontheback
oftheneckstruckby thehelmetoftheresrdummy.

A recentstatisticalanslysis(ref.6)showsthatof 800accidents
thatwereconsideredsurvivable,injuriesoftheheadweremorefrequent
thaninjuriesof anyofthefiveremaininggrossbodyareas.Head
injuriesweresustainedin 88percent,or704,ofthe800accidents
analyzed.Withregsrdtotheoccurrenceoffatalinjuriesin accidents
involvingaircrsftof slltypes,Germanaccidentstatistics(ref.7)
revealthat50percentof all.injurieswereinjuriesofthehead,and
that70to 80percentofthefatalinjurieswerecausedbyinjuriesof
thehead.Whentheareasoverwhichthefrontdummycontactedstructure
inthe60-mphcrash(fig.17)areconsidered,thestatisticsonhuman
injuryincurredbythissortof contactin actualaccidentsarequite
understandable.

— .. . -—e
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Bodilycontactwithstructure(seatbeltou) ●
- Inorderto inves-

tigatethesequenceof eventsduringdisplacementofthetorsoaround
theseatbelt,theanthropomorphicdummywasinstsllledintherearseat
withonlyseat-beltrestraintinthe47-mphcrash.To protideunlimited
movementofthetorsoabouttheseatbelt,thefrontseatandtherear
controlstickwereremoved.Photographsinfigure18ofthe47-mphc~ash
showthemovementofthedrmmryforwardoutofitsseat,followed.by rota-
tionofthetorsoabouttheseatbelt. Withoutthecontrolstickandthe
frontseatto limitthemovementofthetorsoandthehead,thetorso
rotatedforwsrdanddownwsrduntilthechestcontactedthethighsat
0.118secondafterimpact(fig.18(b)).Thedistancethroughwbitithe
torsoandtheheadswungaroundtheseatbeltintotheereaforwardof
thedummywasapproximatelythelengthofthetorsofromthehipsto the
topofthehead.It is apperentfromfigure18that,ifinjuriesresult-
ingfromcontactwithsolidstructurearetobe avoidedwhenusingonly
seat-beltrestrsint,theestimateddistanceof 31to45 inches(ref.7)
forwardoftheseatmustremainfreeof anysolid,sharp,orunyielding
protuberances.

Collapseof cshinstructure.- Potentialinjuryoftheoccupantsdue
to inward-collapsingcabinstructureisin@catedbycomparisonofthe
extentofthecollapseofthecdxinstruc~e infi~e 1$1.Thefigures
showphotographsoftheceibinareafollowingthe42-,47-,and60-mph
crashes.As indicatedbycomparisonofthesephotographs,anincrease
of speedatimpactwiththebarriercauseda correspondingreductionof
thevolumeenclosedbythecabinstructure.Figure19(a)showsthat,
duringthe42-mphcrash,deformationofthecabinwasminor.Appreciable m
reductioninc~in volumewasnoticaiblewithanincreaseofimpactspeed
to47mph. Duringthiscrash,thecabinvolumeTTaSreducedbytheresr-
warddisplacementoftheinstrumentpanel,asmaybe detectedbycomparing
thepositionoftheupper,forward,right-sidediagonalbraceinfig-
ure19(b)withitsundistortedpositionsfterthe42-mphcrash,fig-
ure19(a).Withanimpactspeedof 60mph,consider~lereductionin
cabinvolumeresulted.Thisreduction,resultedfrom(1)rearwardmove-
mentoftheinstrumentpanelnesrlytothefrontdummy~schestand(2)
collapseofthelongeronsundertherearseat(fig.19(c)).Distortion
ofthecabinstructuraltubingduringcabindeformationmsyincreasethe
probabilityof injurytotheoccupants.An exsmpleofthisdistortion
isshownbytheuppercabinmembersprojectingintotheproximityof
theheadsofbothdummiesinfigure19(c).Itisevidentfrominspection
offigure3.9that,ifoccupantsof anairplaneduringa crasharetobe
protectedfromtheadditionalhazardofstrikingthedeformedcabin
structuralmemberscollapsingaroundthem,thecabinstructureitse~
mustbe strongenoughto resistthedecelerativeforcesoccurringat
impact.

.
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F&e hazard.- Topermitsomeinsightintothe
occurrenceoffiretitercrash,thedistributionof

21

possibilityofthe
fuelspillageduring

a crashwasinvestigatedduringthe60-mphcrash.Inthiscrash,thefuel
tankcontained8.7gallons(75percentof itsvolume)ofred-dyedwaterto
replacetheweightofthenormalIZ-gallonsupplyof gasoline.

Figure20showsthedsmsgetothefueltankinthe60-and42-mph
crashes.In eachcrashthefueltankwascrushedbetweenthefirewall
andtheinstrumentpael. Inthe60-mphcrash,thetankwasburstat
thesesmsandthesheetmetalwastornopenbyhydraulicloading.The
tankwascompressedto one-halfofitsoriginal.volumeinthecrash.
Figure20(b)showsthattheemptytankwasonlydeformedandcrushed,
~flthnoburstingofthesesmsandnotesringoftheparentsheetmetal,
inthe42-mphcrash.

Thefuel-spreadpattern(fig.21)ofthe60-mphcrashreveslsa
heavyconcentrationoffuelaroundtheen@ne,throughoutthec~in,and
overa~roximately66percentoftheundersurfaceoftherightwing.
Thefuelspillagewithinthepassengercompartmentandonbothdunmdes,
if ignited,wouldhavecompletelyitilamedtheirclothing.Inthetwo
crashesinwhicha dummywasinstslledinthefrontseat,themannerin
whichitsfootwaspinnedinthewreckageindicatesthat,iffirewere
tooccur,a humanoccupantinthesamepositionwouldexperienceextreme
difficultyin extricatinghimselfbeforefireenvelopedtheentireair-
plane.Figure16 showsthefrontdummytsfootpiunedbetweenthefire
wsllandtheright-sideremovablediagonalbrace.

Ifthisfuelspillageistypicslofthatoccurringduringsnactual
accidentwithairplmeshavingfueltanksin a locationsimilarto those
usedinthesecrashes,a disastrousfirewouldresultifignition
occumged.CABstatisticalanalysisofthefirst~00 non-aircarrier
accidentsreportedin 1952(ref.8) showsthat,of 2344accidentsinvolv-
ingairplanesusedforinstructionalpurposes,pleasureflying,and
personciltransportation,approximately3.84percentcaughtfireafter
crash.Fortunately,i~itionsourcesofsufficientintensityto ignite
gasolinedonotappearconsistentlywiththistypeofengine
tion.

SUMMARYOFRESULTSANDCONCLUSIONS

Theresultsobtainedfromthe
investigation,inwhichstsllll.-spin
msrizedinthefollowingtable:

full-scalelight-airplane
accidentsweresimulated,

instslla-

crash
aresum-

- —. _ —. ______ ——.—..
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Speed
at
impact
with
barrier,
mph

42
47
60

Maximum
longi-
tudinal
engine
decelera-
tion,

g

32.5
46.0
62.0

Maximum
longi-
tudinal
decelera-
tionof
chestof
rear
-,

g

32
46
50

longi-
tudinal
decelera-
tionof
fuselage
under
rear
seat,

g

26.5
32.5
33.5

Durationof

peaklongi-
tudinal
deceleration
offuselage
atrear
seat,

sec

0.023
.038
.070

PeaktotaJ
restrain-
ingforce,
reardunmq

lb

3680
#oo
5800

Thesedatashowthat,forthestall-spinaccidentsimulated:

1.Longitudinaldecelerationofthechestofthedummyintheresx
seatrangedfrom32to 50gwhenthecrashimpactspeedvariedfrom42
to 60mph.

2.Peaklon@tudinalchestdecelerationexceededlongitudinal
fuselage-floordecelerationby 6 to16gin allcrashes.

3.Decelerationofthefuselageattherear-seatlocationdidnot
increasea~reci~ly(26to 33g)astipactspeedincreasedfrom42
to 60mph,butthettieduringwhichsignificantdecelerationpersisted
increasedfrom0.023to0.070second.

4.Totalpeakforceimposedontherestrainingharnessesincreased
inproportionwiththeincreaseofimpactspeedandreacheda maximum
of5800poundsh the60-mphcrash.

5.Occupantsofairplanesofthetypeusedinthistivestigation
wouldnotbe endangeredby deformingcdxinstructureunlesscrashimpact
speedsexceeded42mph.

6.Theresultsofthisstudyshowthatthedecelerationsimposedby
thisairplaneandcrashconfigurationup to impactspeedsof60mph,with
therear-seatoccupantrestrainedbyseatbeltandshoulderhsrness,are
withinthedecelerationsshownbyaeromedicalresesrchtobe tolerable
by humanbeings.
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7.In orderto avoidinjury-producimgcontactwhenonlyseat-belt
restraintisused,thespaceinfrontoftheoccupantmustremainfree
ofobstaclesfora distauceapproximatelyequaltothelengthofthe
torsofromthehipstothetopofthehead(plustheseat-beltelonga-
tion).

8.Themaximumtotalrestrainingforcesrecordedindicatethat,
whenseat-beltrestraintisusedalone,thesebeltsshouldbe capableof
withstandinghigherbreakingloadsthanthoseIresentlyinuse. Allcom-
ponentsoftherestrainingharnesssystemshouldbe attachedtothebasic
airframestructure,unlesstheseatanditsattachmentarecapableof
withstandingtherestrainingforces.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,ObiojMay11,1953

.——
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(c)Ten-chmmeltelemeterreueivlngandrecordlngstation.
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-
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(d)Telemetertransduoera.

Figure4.- Conttied.Instrumentationusedtillght-airplanecmsh tivestigaticm.
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(a)Impactto0.080second.

Figure 1.5. - Displacementofairplaneanddummiesduringdecelemtionh 42-mphcmsh.
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(b)0.089tO 0.170fMOOd.

Figure15.- Conoluded.Displacementofairplaneanddummiesdw~ decelerationin
42-mphOrSdl.
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(a) Impact to

.,. +

0.082.,second..

Figurele. - Displa-nt ofairplaneandreardwmy duringdecelerationIn 47-DIphorash.
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(b)0.091to 0.173seuoni.

FigureI-E.- Conoluded.DlaplacementCIPairplaneandreardummyduringdecalezationh
47-mphOrash.

—.— .——— ——— .— ..



\

\L—-----”---



,

L
.... ‘~ _—’ -_ -L, .-dL

.. . . ‘v
(b) Imp?,d speed, 47 H@.

c-529a2

Figure IS. - Oontillud. mall dEImga to 8i.@.ar@ .9+nuotUe.



L;,.....

(.)~.t e-pea, 60 m.

FiSUM 19.- Camldd. CIUBh acm@u to aiqlan.eStlmoblwao

s
s’
!3
N
w
w
P



2P
NACATN 2991 65

.
(a)I@act sped, 60mph.

Figure20.- Ectentc&damagetofullfueltankdur~ a cmsh.
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